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IN THE CLAIMS 
Please amend the claims as follows: 

Claim 1. (Currently Amended) A vehicle control method comprising: 

calculating a first physical quantit y, for substantially uniformly maximizing the grip 
of each wheel which relates to a tire force of each wheel and optimizes an effective road 
friction of each wheel, based on a target resultant force to be applied to a vehicle body in 
order to obtain vehicle body motion that a driver desires, and a constraint including as 
parameters a magnitude of a critical friction circle of each wheel; 

calculating, based on the calculated first physical quantity relating to the tire force of 
each wheel, a first control variable for controlling at least one of braking force and driving 
force of each wheel, or a second control variable for controlling the first control variable and 
a steering angle of each wheel; and 

controlling (A) the at least one of braking force and driving force of each wheel based 
on the first control variable, or controlling (A) the at least one of braking force and driving 
force of each wheel and (B) the steering angle of each wheel based on the first and second 
control variables. 

Claim 2. (Original) The method of claim 1, wherein the constraint is represented by a 
formula indicating that no resultant force is generated in a direction orthogonal to a direction 
of the target resultant force, and a formula indicating that a moment around the center of 
gravity of the vehicle is equal to a desired moment. 

Claim 3. (Original) The method of claim 2, wherein the constraint is represented by 
formulae, the number of which is less than that of wheels, or a linearized formula. 
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Claim 4. (Currently Amended) The method of claim 2, wherein: 

the target resultant force is represented by a secondary performance function 

including the magnitude of the critical friction circle of each wheel and the first physical 

quantity relating to the tire force of each wheel; and 

calculating [[a]] another physical quantity relating to the tire force of each wheel, 

which another physical quantity satisfies a first approximation formula of a formula defining 

the constraint and optimizes the secondary performance function, is calculated as the first 

physical quantity which relates to the tire force of each wheel and optimizes the effective 

road friction of each wheel. 

Claim 5. (Currently Amended) The method of claim 2, including the steps of 
wherein : 

the targ e t resultant forc e is repr e s e nted by a s e condary p e rformanc e function 
including the magnitud e of th e critical friction circle of e ach wheel and th e physical quantity 
relating to th e tir e forc e of e ach wh ee l; and 

calculating an initial value based upon another [[a]] physical quantity relating to the 
tire force of each wheel, which another physical quantity satisfies a first approximation 
formula of a formula defining the constraint and optimizes [[the]] a secondary performance 
function which represents the target resultant force and includes the magnitude of the critical 
friction circle of each wheel and the first physical quantity relating to the tire force of each 
wheel ; is calculat e d as an initial value ; 

linearizing the formula defining the constraint is lineariz e d by using the calculated 
initial value; 

calculating, as an approximate solution, [[a]] vet another physical quantity relating to 
the tire force of each wheel, which yet another physical quantity satisfies the linearized 
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formula of the constraint and optimizes the secondary performance function , is calculat e d as 
an approximat e solution ; and 

calculating the first physical quantity which relates to the tire force of each wheel and 
optimizes the effective road friction of each wheel is calculat e d by using the calculated 
approximate solution as th e initial valu e to repeat the linearization of the formula defining the 
constraint and the calculation of the approximate solution. 

Claim 6. (Original) The method of claim 5, wherein the formula defining the 
constraint is linearized by Taylor expansion around the initial value or the approximate 
solution. 

Claim 7. (Currently Amended) Th e m e thod of claim 1 A vehicle control method 
comprising: 

calculating a first physical quantity which relates to a tire force of each wheel and 

optimizes an effective road friction of each wheel, based on a target resultant force to be 
applied to a vehicle body in order to obtain vehicle body motion that a driver desires, and a 
constraint including as parameters a magnitude of a critical friction circle of each wheel; 

calculating, based on the calculated first physical quantity relating to the tire force of 

each wheel a first control variable for controlling at least one of braking force and driving 
force of each wheel, or a second control variable for controlling the first control variable and 
a steering angle of each wheel; and 

controlling (A) the at least one of braking force and driving force of each wheel based 
on the first control variable, or controlling (A) the at least one of braking force and driving 
force of each wheel and (B) the steering angle of each wheel based on the first and second 
control variables , wherein: 
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the first physical quantity relating to the tire force is a direction of the tire force; and 

the effective road friction of each wheel, the calculated direction of the tire force of 

each wheel, and the magnitude of the critical friction circle of each wheel are used to 

calculate a slip angle based on a brush model, and the calculated slip angle is used to 

calculate the second control variable based on a vehicle motion model. 

Claim 8. (Original) The method of claim 1, wherein the magnitude of the critical 
friction circle of each wheel is determined based on an estimate or a virtual value of |i of each 
wheel and a load of each wheel. 

Claim 9. (Currently amended) The m e thod of claim 1 A vehicle control method 
comprising: 

calculating a first physical quantity which relates to a tire force of each wheel and 

optimizes an effective road friction of each wheel, based on a target resultant force to be 
applied to a vehicle body in order to obtain vehicle body motion that a driver desires, and a 
constraint including as parameters a magnitude of a critical friction circle of each wheel; 

calculating, based on the calculated first physical quantity relating to the tire force of 

each wheel, a first control variable for controlling at least one of braking force and driving 
force of each wheel, or a second control variable for controlling the first control variable and 
a steering angle of each wheel; and 

controlling (A) the at least one of braking force and driving force of each wheel based 
on the first control variable, or controlling (A) the at least one of braking force and driving 
force of each wheel and (B) the steering angle of each wheel based on the first and second 
control variables , wherein: 

the first physical quantity relating to the tire force is a direction of the tire force; and 
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the direction of the tire force which optimizes the effective road friction of each wheel 

is one of a direction of the tire force which uniformly minimizes the effective road friction of 

each wheel, a direction of the tire force which makes the effective road friction of a front 

wheel differ from that of a rear wheel, and a direction of the tire force which makes a 

magnitude of the tire force of each wheel proportional to the load of the wheel. 

Claim 10. (Original) The method of claim 9, further comprising using, for a wheel 
having a small (a, the magnitude of the critical friction circle as the magnitude of the tire 
force, and using, for a wheel having a large ja, the magnitude of the tire force which 
minimizes the effective road friction, when the magnitude of the tire force proportional to the 
load of the wheel cannot be obtained because each wheel has a different ji with respect to a 
road surface. 

Claim 1 1 . (Original) The method of claim 1, wherein the steering angle is controlled 
so as to be the same for the right and left wheels. 

Claim 12. (Currently Amended) The m e thod of claim 1 A vehicle control method 
comprising: 

calculating a first physical quantity which relates to a tire force of each wheel and 

optimizes an effective road friction of each wheel, based on a target resultant force to be 
applied to a vehicle body in order to obtain vehicle body motion that a driver desires, and a 
constraint including as parameters a magnitude of a critical friction circle of each wheel; 

calculating, based on the calculated first physical quantity relating to the tire force of 

each wheel, a first control variable for controlling at least one of braking force and driving 
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force of each wheel, or a second control variable for controlling the first control variable and 
a steering angle of each wheel; and 

controlling (A) the at least one of braking force and driving force of each wheel based 
on the first control variable, or controlling (A) the at least one of braking force and driving 
force of each wheel and (B) the steering angle of each wheel based on the first and second 
control variables , wherein the effective road friction is represented by a magnitude of the 
target resultant force relative to a magnitude of a critical resultant force obtained from the 
magnitude of the critical friction circle of each wheel. 

Claim 13. (Currently Amended) The method of claim 7, wherein the direction of the 
tire force which is generated by each wheel is defined as a value, that is the sum of 
products[[,]] which are calculated for [[all]] each of the other wheels, of a distance from the 
position of an object wheel to the position of the respective other wheel in the direction of the 
desired resultant force, and the magnitude of the critical friction circle of the respective other 
wheel, with the direction of the resultant force acting on the vehicle body as the resultant 
force of the tire forces of the respective wheels being used as a reference. 

Claim 14. (Currently Amended) A vehicle control apparatus comprising: 

target resultant force calculating means for calculating a target resultant force to be 
applied to a vehicle body in order to obtain a vehicle body motion that a driver desires; 

critical friction circle estimating means for estimating a magnitude of a critical 
friction circle of each wheel; 

tire force calculating means for calculating a first physical quantit y, for substantially 
uniformly maximizing the grip of each wheel, which relates to a tire force of each wheel and 
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optimizes an effective road friction of each wheel, based on the target resultant force and a 
constraint including as parameters the magnitude of the critical friction circle of each wheel; 

control variable calculating means for calculating, based on the calculated first 
physical quantity relating to the tire force of each wheel, a first control variable for 
controlling at least one of braking force and driving force of each wheel, or a second control 
variable for controlling the first control variable and a steering angle of each wheel; and 

control means for controlling (A) the at least one of braking force and driving force of 
each wheel based on the first control variable, or controlling (A) the at least one of braking 
force and driving force of each wheel and (B) the steering angle of each wheel based on the 
first and second control variables. 

Claim 15. (Original) The apparatus of claim 14, wherein the constraint is represented 
by a formula indicating that no resultant force is generated in a direction orthogonal to a 
direction of the target resultant force, and a formula indicating that a moment around the 
center of gravity of the vehicle is equal to a desired moment. 

Claim 16. (Original) The apparatus of claim 15, wherein the constraint is represented 
by formulae, the number of which is less than that of wheels, or a linearized formula. 

Claim 17. (Currently Amended) The apparatus of claim 15, wherein: 

the target resultant force is represented by a secondary performance function 

including the magnitude of the critical friction circle of each wheel and the first physical 

quantity relating to the tire force of each wheel; and 

the tire force calculating means calculates [[a]] another physical quantity relating to 

the tire force of each wheel, which another physical quantity satisfies a first approximation 
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formula of a formula defining the constraint and optimizes the secondary performance 
function, as the first physical quantity which relates to the tire force of each wheel and 
optimizes the effective road friction of each wheeL 

Claim 18. (Currently Amended) The apparatus of claim 15, wherein: 
the target resultant force is represented by a secondary performance function 
including the magnitude of the critical friction circle of each wheel and the first physical 
quantity relating to the tire force of each wheel; and 

the tire force calculating means calculates as an initial value [[a]] another physical 
quantity relating to the tire force of each wheel, which another physical quantity satisfies a 
first approximation formula of a formula defining the constraint and optimizes the secondary 
performance function, linearizes the formula defining the constraint by using the calculated 
initial value, calculates as an approximate solution [[a]] vet another physical quantity relating 
to the tire force of each wheel, which vet another physical quantity satisfies the linearized 
formula of the constraint and optimizes the secondary performance function, and calculates 
the first physical quantity which relates to the tire force of each wheel and optimizes the 
effective road friction of each wheel by using the calculated approximate solution as the 
initial value to repeat the linearization of the formula defining the constraint and the 
calculation of the approximate solution. 

Claim 19. (Original) The apparatus of claim 18, wherein the tire force calculating 
means linearizes the formula defining the constraint by Taylor expansion around the initial 
value or the approximate solution. 
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Claim 20. (Currently Amended) Th e apparatus of claim 1 4 A vehicle control 
apparatus comprising: 

target resultant force calculating means for calculating a target resultant force to be 

applied to a vehicle body in order to obtain a vehicle body motion that a driver desires; 

critical friction circle estimating means for estimating a magnitude of a critical 
friction circle of each wheel; 

tire force calculating means for calculating a first physical quantity which relates to a 

tire force of each wheel and optimizes an effective road friction of each wheel, based on the 
target resultant force and a constraint including as parameters the magnitude of the critical 
friction circle of each wheel; 

control variable calculating means for calculating, based on the calculated first 

physical quantity relating to the tire force of each wheel, a first control variable for 
controlling at least one of braking force and driving force of each wheel, or a second control 
variable for controlling the first control variable and a steering angle of each wheel; and 

control means for controlling (A) the at least one of braking force and driving force of 
each wheel based on the first control variable, or controlling (A) the at least one of braking 
force and driving force of each wheel and (B) the steering angle of each wheel based on the 
first and second control variables , wherein: 

the first physical quantity relating to the tire force is a direction of the tire force; and 
the control variable calculating means calculates a slip angle based on a brush model 
by using the effective road friction of each wheel, the calculated direction of the tire force of 
each wheel, and the magnitude of the critical friction circle of each wheel, and calculates the 
second control variable based on a vehicle motion model by using the calculated slip angle. 
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Claim 21. (Original) The apparatus of claim 14, wherein the critical friction circle 

estimating means determines the magnitude of the critical friction circle of each wheel based 

on an estimate or a virtual value of |i of each wheel and a load of each wheel. 

Claim 22. (Currently Amended) Th e apparatus of claim 1 4 A vehicle control 
apparatus comprising: 

target resultant force calculating means for calculating a target resultant force to be 

applied to a vehicle body in order to obtain a vehicle body motion that a driver desires; 

critical friction circle estimating means for estimating a magnitude of a critical 

friction circle of each wheel; 

tire force calculating means for calculating a first physical quantity which relates to a 

tire force of each wheel and optimizes an effective road friction of each wheel, based on the 
target resultant force and a constraint including as parameters the magnitude of the critical 
friction circle of each wheel; 

control variable calculating means for calculating, based on the calculated first 

physical quantity relating to the tire force of each wheel, a first control variable for 
controlling at least one of braking force and driving force of each wheel, or a second control 
variable for controlling the first control variable and a steering angle of each wheel; and 

control means for controlling (A) the at least one of braking force and driving force of 
each wheel based on the first control variable, or controlling (A) the at least one of braking 
force and driving force of each wheel and (B) the steering angle of each wheel based on the 
first and second control variables , wherein: 

the first physical quantity relating to the tire force is a direction of the tire force; and 
the direction of the tire force which optimizes the effective road friction of each wheel 
is one of a direction of the tire force which uniformly minimizes the effective road friction of 



12 



Application No. 10/767,283 

Reply to Office Action of September 22, 2005. 

each wheel, a direction of the tire force which makes the effective road friction of a front 
wheel differ from that of a rear wheel, and a direction of the tire force which makes the 
magnitude of the tire force of each wheel proportional to a load of the wheel. 

Claim 23. (Original) The apparatus of claim 22, wherein, when the magnitude of the 
tire force proportional to the load of the wheel cannot be obtained because each wheel has a 
different jll with respect to a road surface, the magnitude of the critical friction circle is used 
as the magnitude of the tire force for a wheel having a small p,, and the magnitude of the tire 
force which minimizes the effective road friction is used for a wheel having a large |i. 

Claim 24. (Original) The apparatus of claim 14, wherein the control means controls 
the steering angle so that the steering angle is the same for the right and left wheels. 

Claim 25. (Currently Amended) Th e apparatus of claim 1 4 A vehicle control 
apparatus comprising: 

target resultant force calculating means for calculating a target resultant force to be 

applied to a vehicle body in order to obtain a vehicle body motion that a driver desires; 

critical friction circle estimating means for estimating a magnitude of a critical 

friction circle of each wheel; 

tire force calculating means for calculating a first physical quantity which relates to a 

tire force of each wheel and optimizes an effective road friction of each wheel, based on the 
target resultant force and a constraint including as parameters the magnitude of the critical 
friction circle of each wheel; 

control variable calculating means for calculating, based on the calculated first 

physical quantity relating to the tire force of each wheel, a first control variable for 
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controlling at least one of braking force and drivine force of each wheel or a second control 
variable for controlling the first control variable and a steering angle of each wheel; and 

control means for controlling (A) the at least one of braking force and driving force of 
each wheel based on the first control variable, or controlling (A) the at least one of braking 
force and driving force of each wheel and (B) the steering angle of each wheel based on the 
first and second control variables , wherein the effective road friction is represented by a 
magnitude of the target resultant force relative to a magnitude of a critical resultant force 
obtained from the magnitude of the critical friction circle of each wheel. 

Claim 26. (Currently Amended) The apparatus of claim 20, wherein the direction of 
the tire force which is generated by each wheel is defined as a value, that is a sum of 
products[[,]] which are calculated for [[all]] each of the other wheels, of a distance from the 
position of an object wheel to the position of the respective other wheel in the direction of the 
resultant force, and the magnitude of the critical friction circle of the respective other wheel, 
with the direction of the resultant force acting on the vehicle body as the resultant force of the 
tire forces of the respective wheels being used as a reference. 

Claim 27. (Currently Amended) A vehicle control apparatus comprising: 

target resultant force calculating means for calculating a target resultant force to be 
applied to a vehicle body in order to obtain a vehicle body motion that a driver desires; 

critical friction circle estimating means for estimating a magnitude of a critical 
friction circle of each wheel; 

critical resultant force estimating means for estimating a critical resultant force based 
on the magnitude of the critical friction circle of each wheel estimated by the critical friction 
circle estimating means; 
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effective road friction setting means for setting a ratio of the target resultant force to 
the critical resultant force as an effective road friction; 

magnitude of tire force setting means for setting a magnitude of a tire force used at 
each wheel, which tire force is obtained by multiplying the magnitude of the critical friction 
circle of each wheel by the effective road friction; 

direction of tire force setting means for setting a direction of the tire force generated 
by each wheel based on a value, that is a sum of products[[,]] which are calculated for [[all]] 
each of the other wheels, of a distance from the position of an object wheel to the position of 
the respective other wheel in a direction of the resultant force, and the magnitude of the 
critical friction circle of the respective other wheel, with the direction of the resultant force 
acting on the vehicle body as the resultant force generated by the tire force of each wheel 
being used as a reference; and 

control means for controlling a steering angle of each wheel and at least one of 
braking force and driving force of each wheel based on the magnitude and direction of the 
tire force which have been set. 

Claim 28. (Original) The apparatus of claim 27, wherein the control means 
comprises: 

means for calculating, based on the calculated direction and magnitude of the tire 
force of each wheel, a first control variable for controlling at least one of braking force and 
driving force of each wheel, or a second control variable for controlling the first control 
variable and the steering angle of each wheel; and 

means for controlling (A) the at least one of braking force and driving force of each 
wheel based on the first control variable, or controlling (A) the at least one of braking force 
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and driving force of each wheel and (B) the steering angle of each wheel based on the first 
and second control variables. 
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